We conducted a comparison study to determin e if the development of otitis media in adults is correlated with craniofacia l mOJp hology. Our study pop ulation was made up of66 adults, aged 18 to 40 years; 32 ofthese patients had otitis media and 34 did not. All subjects underwent a complete otolaryngo logic examination, video-otoscopy, fiberoptic nasa l endoscopy, and lateral cephalometry. Statistical analysis of the cephalometric measurements in the otitis media group and the control group revealed significant differences in the angle between the anterior skull base and medial skull base, upperfacial height, and anterior f acial height. Also, some significant differences were seen between the measurements in the otitis media group and the normal dimensions ofthe harn;onicf ace as reported in the literature; these differences wereseen in the length ofthe anterior skull base, the angle ofcranial deflection, the depth ofthe maxilla, the angle of the mandibular plane, the angle of fa cial depth , the angle of the f acial COIle, and lower fa cial height. Not all of these significant differences, however; were predictive of the evolution of otitis media. Based on our analysis, we conclude that fo ur cephalometric measurements arepredictive ofthe evolution ofotitis media: (1) the length of the ant erior skull base, (2) the angle between the anterior skull base and medial skull base, (3) maxilla ry depth, and (4) upperfa cial height. No . correlations were found between otitis media and nasal blockage or between otitis media and facial type.
Introduction
Facial structure is the product of many var iables, including mandibular, maxilla ry, and orbital co nfigurations. Faces can be round, triangular, or oval.I Th e idea that different facial structures are correlated with different diseases is not new. In The Sixth Book of Epidemics, Hippocrates 738' www.entjournal.com wrot e, "Among tho se indi vidual s whose heads are long shaped, some have thick necks [,] stro ng memb ers and bones, others have strongly arched palates; thu s teeth are disposed irregul arly, cro wding one on the other, and they are molested by headaches and otorrhea.'? Otitis med ia is most common during childhood, when tubal dysfunction is more prevalent; its incide nce decreases with maturity.v' Thi s decrease has been correlated with the shift in the position of the eustachian tube, which is more vertical in adults. Th is change occ urs as a result of the growth of the craniofacial skeleton." As far back as 1862, Polit zer suggested that the genes is of otitis med ia is attributable to poor eustachian tube functi on ."
In 1925 , Pautow re ported the result s of his study of eustachian tube morphology as related to head shape.' He found that brachyceph alic adult s were more likely to have relatively straight tubes. In 1987, Worley et al reached the same conclusion.S Moreover, it is well know n that children with cra niofac ial distort ions such as cleft palate, Pierr e Robin syndrome, Crou zon syndrome, and Down syndro me are prone to middle ear infections. Th e ge nesis of these infections can be trac ed to aberrations in the skull base and its dysmorphi c relationship to the eustachian tube.'
In the 15th ce ntury, Leonardo da Vinci deve loped a method of measuring the proporti on s of the hum an face that involved plotting horizontal and vertical lines.t 'Ioday, cra niofacia l mea sure ment s are based on cephalometric radiology-spec ifica lly, the study offrontally and laterally oriented radiograph s. Thi s discipline allow s us to study the position of the mandi ble and maxilla in relation to the position of the basicranium and adjace nt structures." Cephalometry is wid ely used in orth odonti c diagnosis and treatment.
Adult otitis medi a is not uncomm on in our practice. In this article , we describe our inves tiga tion to determin e whether craniofacial morphology and facia l type have any effec t on the development of otitis med ia in adults.
Patients and methods
We recruited study subje cts from among the patient population at the Department of Otolaryngology at the University of Sao Paulo School of Medicine. Our goa l was to identify Table 1 . Racial distribution in the two groups two suitable groups of patients-one with otitis media and one without. Exclusion criteria included (1) a personal or family history of cleft palate, (2) a persona l history of orthodontic treatment or oral, pharyngeal, craniofacial, or nasal surgery, (3) the presence of obstruction of the tympanic ostiu m of the eustachian tube, and (4) the presence of a cholesteatoma. Ultimately, we enrolled 66 adults, aged 18 to 40 years . Most were white (table 1) .
The otitis media group comprised 32 patients-20 men and 12 wome n (mean age: 26.69 ± 7.94 yr)-who had chronic bilateral otitis media. Thirteen of these patien ts reported current or previous nasal blockage diagnosed as one of the following: controlled allergic rhinitis (n = 6), a deviated septum (n = 4), or turbinate hypertrophy (n = 3) .
The contro l group cons isted of34 patients without otitis media-16 men and 18 women (mean age: 27.74 ± 5.81 yr)-who were being treated for other problems. Fourteen of these subjects reported nasal blockage diagnosed as aIlergic rhinitis (n = 7), a deviated septum (n = 4), or turbinate hypertrophy (n = 3). All subject s provide d an otolaryngologic anamnesis and underwen t an ENT examination. Otoscopy was performe d with a 4-mm Hopkins telescope (Karl Storz; Tuttlingen , Germany) and recorded on videotape. A 3.2-mm flexible video-enabled endoscope (Machida Endoscope Co.;Tokyo) was used to perform the nasal and pharyngeal endoscop ic exami nation, which was also recorded.
Standard lateral cephalograms were obtained for all subjects . Radiographs were taken with each subject's mandibles in centric occlusion and the lips at rest. AIl radiographs were traced on acetate paper with the aid of a light box . Specific crania l landmarks were identified, and measurements were made of various aspects of the basicra nium (figure 1), maxiIIa (figure 2), and mandible (figure 3), as weIl as the facial height (figure 4) and the facial axis (figure 5).
Facial type was determined by calculating the VERT index described by Ricketts et a1. 10 The VERT index is the arithmetic mean (plus or minus the standard deviation) of the differences between obtained measurements and age-adjusted normal values published in the literature by Ricketts et al10and Jarabak and Fizze111I (i.e., the harmonic face) divided by 5. These measurements include the angle of the mandibular plane, the angle of the mandibular arch, lower facial height, the angle of facia l depth, and the angle of the facia l axis.
Mean differences between the otitis media and control groups were assessed by the Student's t test for independent groups ; the Student's t test was also used to compare the mean values of the otitis media gro up with norma l values. Corre lations between variables were assessed with s-. ... Pearson's chi-square (X 2 ) test. Based on our measurement s and calculations, facial types were designated as either dolichofacial (long face), mesofacial (harmonic), or brachyfacial (short) according to the classification described by Ricketts et al ( figure 6 ).10
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Our study protocol was approved by the Ethics in Research Committee of the University of Sao Paulo School of Medicine.
Results
Comparisons of facial measurem ents between the otitis media group and the controls revealed statisticall y significant differences in the angle between the anterio r skull base and med ial skull base, upper facial height, and anterior facial height.
Comparisons offacial measurem ents in the otitis media group differed significantly from norm al measurement s reported in the literature with respect to the length of the anterior skull base, the angle of cran ial deflection , maxillary depth , the angle of the mandibular plane, the angle of facial depth , the angle of the facial cone, and lower facial height (table 2) .
Only four ofthese significant differences were predicti ve of the evolution of otitis media. The se four measurement s were (1) the length of the anterior skull base, (2) the angle between the anterior skull base and medi al skull base, (3) maxillary dept h, and (4) upper facial height.
No corre latio n was found betwe en otiti s media and nasal blockage (X 2 = 0.04; p = 0.084) . More than half the patient s in our study had dolich ofacial charac teristics, which is not unusual in Brazil," but no correlation was found between faci al type and otiti s media (X 2 = 9.40; p = 0.0 94) (table 3) .
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Discussion
Th e physical aspect of the ENT examination begi ns at the face. It is very helpful for an otolaryngologist to have a working knowledge of facia l characteristics and craniofacial growt h and development. Such knowledge implies a Few authors have studied the correlation betwee n craniofacial morphology and otitis media in adults. S evere Because the focus of our study was ---------------------------on otitis media in adults, and given -2.0 that craniofacia l growth is complete L------' Figure 6 . Scale depicts the spec tru m offacial types according to the VERT index deat about 17 years of age, I we chose scribed by Ricketts et al." to study patients between the ages of 18 and 40 years. It was not our intention to provide sexspecific cephalometric descriptions; measurements were compared irrespective of sex.
We excluded patients with cholesteatoma because the pathophysiology of this disease is not always related to tubal dysfunction."
The cephalometric measurements that we used (basicranial and maxillary measurements) were based on the position of the eustachian tube. Other measurements were used to determi ne facial types.
The normalvalues (harmonic face) that we used are based on measuremen ts of white individuals living in the United of children with serous otitis media was shorter than that of other children. Our results are also in agreement with those of authors who found a correlation between otitis media and brachycephaly.v'" No significant difference was seen in the length of the medial skull base (S-Ba) in our two groups, and there was no published normal value with which to compare S-Ba. The S-Ba is not related to auditory tube anatomy.
The angle between the anterior skull base and the medial skull base (N-S .Ba) was significantly smaller in the otitis media group than in the control group (no reference value was available). The cartilaginous portion of the eustachian tube is located in the petrosquamous fissure of the temporal bone , which is near the occipital and sphenoid bones." Together, these structures form one of the most important basicranial synchondroses involved in growth and deve lopment. ' Any abnormality in the growth of the petrosquamous fissure can distort the N-S.Ba and lead to aberrations in the cartilaginous portion of the eustachian tube . We conclude that the N-S.Ba is a predictor of the evolution of otitis media. Romero Vidal et al reported that this angle was smaller in patients with abnormal tympanograms.» No significant difference was found between our two groups in terms of the angle of cranial deflection (Ba-N.Po-Or), but the angle in the otitis media group was sign ificantly smaller than the normal Ba-N.Po-Or.
Maxillary measurements ( figure 2) . No significant difference was found in the length of the palate (ANS-PNS) between the two groups. No reference value for ANS-PNS was found in the literature.
The angle between the palatine and Frankfurt planes (ANS -PNS.Po-Or) was not significantly different in the two groups or different from the normal value. The 742 • www.entjo urnal.com ANS-PNS .Po-Or correlates with the presence of an anterior open bite and a deep palate, and it has been assoc iated with nasal obstruction during growth.' Since we found no correlation between otitis media and nasal obstruction in our study, we did not expect to see any differences in ANS-PNS.Po-Or. The depth of the maxilla was shorter in the otitis media group than in the control group, but the difference was not statistically significant. However, there was a significant difference between the depth of the maxilla in the otitis media group and the normal value for maxillary depth, and we conclude that this is a factor in the development of otitis media. A shallower maxilla correlates with less downward and forward maxillary movement during craniofacial growth and development.
Mandibular measurements ( figure 3) . None ofthe mandibular measurements was significantly different between the two groups. Some significant differences were found, however, between the values in the otitis media group and the reference values; differences were seen in the angle of the mandibular plane, the angle of facial depth, and the ang le of the facial cone.
Facial height ( figure 4) . Upper facial height and anterior facial height were significantly shorter in the otitis medi a group compared with the controls. This finding was expected because the maxillary depth in the otitis media group was shorter, which indicates arrested development of the maxilla. A shorter vertical dimension of the face may imply poorer eustachian tube function .
Lower facia l height in the otitis media group was significantly shorter than the normal height. While this measurement is not relevant to the development of otitis media, it is important in determining facial type .
Facial axis (figure 5). No differences in the angle of the facial axis values were found between the two groups or between the otitis media group and the reference values. The angle of the facial axis represents the direction of craniofacial growth, so this finding suggests that in individual s with otitis media, incomplete growth of the face results in the face maintaining chi ldhood characteristics, including a more horizontal and shorter eustachian tube. 10 It is these eustachian tube anomalies that predispose individuals to otitis media. Maw et al suggested that children with serous otitis media have experienced delayed craniofacial growth." Nasal obstruction. The lack of correlation between otitis media and nasal obstruction in our study is not surprising . Altho ugh it is well known that nasal obstruction and consequent mouth breathing influence craniofacial growth and development, the principal abnormalities affect only the lower part of the face (i.e., enlargement of the lower anterior vertical face, open bite, cross bite , retrognathia, and a larger mandibular angle) ."
In our study, the primary differences in craniofacial morphology concerned the basicran ium and the maxillary complex. Therefore, we can suggest that nasal blockage plays a role in the genesis of tubal dysfunction by cont ributing to the obstruction of the tymp anic ostium. Ob struction ofthe tymp anic ostium is related to conditions such as adenoid hypert rophy and allergies that affect the respiratory muco sa. Nasal obstruction does not appear to be respon sible for abnormalities in eustachian tube growth and development.
Type of face. More than half of our study group had a dolichofacial type of face. Atherino studied dry skulls in Brazil and found that dolichofacial feature s predominated. " No correlation was found between facial type and otiti s medi a.
Race. Todd and Bowman studied the prev alence of otitis medi a in North Amer ican Indi ans and found that they are more prone to otitis media than are NorthAmerican whites. " American Indian s are typic ally brachyceph alic. Blacks have a lower incidence of otitis medi a than white s." Compared with whites , blacks have a larger angl e between the anteri or and posterior skull base s' ? and less maxillary depth. " Different rates of otitis media among different race s have not been found to correlate with environm ental or socioeconomic factor s. 19 Anatomic abnormalities. It is well known that otitis media is more common in children with cleft palate. Bisha ra et al reported that a smaller angle between the anterior and posterior skull bases and a dee per maxilla are correlated with abnormalities in the insertion and course of the eustachian tube and paratubal muscles." Some of our findings are con sistent with characteristics of child ren with cleft palate. Todd and Bowm an found that the rate of cleft uvul a, which is a microform of cleft palate , was higher in the Apache Indians they studied than were rates repo rted for other populations.18 This might explain the higher incidence of otiti s medi a among the members of that tribe.
In conclusion, tubal dysfunction in childhood can be attributed to the relative position of the eustachian tube and paratubal muscles.v' According to Mann et aP and Kemaloglu et ai,Sthe dev elopment ofthe eustachian tube is influenced by the way in which the face develop s. Our dat a strongly support the idea that the position of the eustachian tube is associated with craniofacial growth and development. Deviations in this proc ess may affect not only the tenden cy toward otitis med ia but also its progno sis.
